
- - - -  
fiRORS IN "HE MEASUREEllENT OF THE LUNAR T$MPERATURE; 

Integrated E m i s s i v i t i e s  of Materials  Suspected I 

to Comprise t h e  Lunar Cru23- / 

by 
3 ,  I -L i" 

Eugene A. Burns* and R. J. P. Lyon L J 4-4 >p 
/ -. 

& b o p u l s i o n  - ScJences and Space Sc iences  D i v i s i o n  
Stanford Research Insti- r. 
-.__ __ ,qw Menlo Park, Cal i fhrnia  

/ - 

*Present Aaaress: Propuision Research Department, 
Space Technology Laboratories,  Inc. ,  
Redondo Beach, Cal i fornia  

A-2 



I 

ABSTRACT 1 6 6  '2d 
Appl i ca t ion  of r e f l e c t a n c e  s p e c t r a  of minera ls  suspec ted  t o  e x i s t  i n  

t h e  luna r  c r u s t  t o  t h e  Planck-Wien r a d i a t i o n  law permi ts  c a l c u l a t i o n  

of emission s p e c t r a  of t h e s e  mater ia l s .  A severe  e r r o r  i n  temperature  

measurement of t h e s e  m a t e r i a l s  results when t h e  e m i s s i v i t y  is  assumed 

t o  be independent of wave length .  The magnitude of t h i s  e r r o r  is  

dependent upon t h e  method of c a l c u l a t i o n  and composi t ion examined. 

The r e s u l t s  of d e t a i l e d  c a l c u l a t i o n s  f o r  a s e r i e s  of mine ra l s  which 

i n c l u d e  t y p i c a l  suspec ted  l u n a r  assemblages of g r a n i t e ,  obs id i an ,  

d u n i t e ,  c h o n d r i t i c  meteor i te ,  and t e k t i t e  a r e  presented.  The ca l cu -  

l a t e d  temperature  dependence of the  average e m i s s i v i t y  of t h e s e  

m a t e r i a l s  i s  given. ,!J c, r j i6k  
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ERRORS I N  THE hEk3UREMENT OF THE LUNAR TEMPERATURE 

I n t e g r a t e d  E m i s s i v i t i e s  of M a t e r i a l s  Suspected 

t o  Comprise the Lunar Crus t  

by 

Eugene A. Burns* and R. J. P. Lyon 

P ropu l s ion  Sc iences  and Space Sc iences  Div i s ion  
S tan fo rd  Research I n s t i t u t e  

Menlo Park, C a l i f o r n i a  

Recently,  w e  have r e p o r t e d  (1962, Burns and Lyon) i n t e r p r e t a t i o n s  

of t h e  c l a s s i c  1930 P e t t i t  and Nicholson work of t h e  measurement of 

t h e  l u n a r  tempera ture  i n  l i g h t  of f i n d i n g s  genera ted  s i n c e  1955 wi th  

r e f i n e d  in s t rumen ta t ion .  The conclus ion  of these i n t e r p r e t a t i o n s  is  

one of s k e p t i c i s m  of t h e  reasoning  l e a d i n g  t o  t h e  Pe t t i t -N icho l son  

thes i s  t h a t  t h e  e m i s s i v i t y  of t h e  l u n a r  c r u s t  is  un i ty .  A d e t a i l e d  

c r i t i c i sm of t h e  Pe t t i t -N icho l son  work together wi th  c a l c u l a t e d  

v a l u e s  of bo th  t h e  e m i s s i v i t y  a s  a f u n c t i o n  of wave l e n g t h  and 

composition, and t h e  average  e m i s s i v i t y  a s  a f u n c t i o n  of tempera ture  

and composition a r e  p re sen ted  below. 

The b a s i s  of t h e  P e t t i t  and Nicholson conc lus ions  was i n t e r -  

p r e t a t i o n  of r a d i o m e t r i c  d a t a  obta ined  w i t h  two c rude  f i l t e r  mono- 

chromators,  They found t h a t  t h e  r a t i o  ( H )  of t h e  r a d i a n t  energy i n  

a wave l e n g t h  i n t e r v a l  8p-to-10p t o  t h a t  i n  a wave l e n g t h  i n t e r v a l  of 

8p-to-14p was 0.37, very c l o s e  t o  t h a t  c a l c u l a t e d  f o r  a 400'K b l a c k  

body viewed through t h e i r  o p t i c s ,  namely, 0.38. Pa radox ica l ly ,  t h e  

tempera ture  of t h e  sub - so la r  po in t ,  (400°K), used i n  t h e  above ca l cu -  

l a t i o n s  was ob ta ined  us ing  t h e  usua l  manner by assuming the  e m i s s i v i t y  

t o  b e  u n i t y  and a p p l i c a t i o n  of S t e f a n ' s  law ( P e t t i t ,  1961) a f t e r  re- 

l a t i n g  t h e  measurements t o  t h e  rad io-met r ic  magnitude of a comparison 

s t a r .  
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P e t t i t  and Nicholson s t a t e  t h a t  t h e  only way t h e  two r a t i o s  could  

ag ree  is t o  have equa l  e m i s s i v i t i e s  i n  t h e  r e g i o n s  8-1Op and 8-14p. 

Mathematically,  

- - 
Hobs 

However, 

JO 8-10 
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when E = E  ( 3 )  Hobs = Hbb a ,  400 a ,  400 

us ing  d a t a  f o r  t h e  wave l eng th  v a r i a t i o n  of t h e  e m i s s i v i t y  of 

q u a r t z  they  c a l c u l a t e d  an H r a t i o  of 0.30 and conclude, s u r p r i s i n g l y ,  

t h e  e m i s s i v i t i e s  must  be 1.00 over  both t h e  8-lop and 8-14p r eg ions .  

Th i s  conc lus ion  i s  n o t  l o g i c a l l y  suppor ted  by t h e  preceding  argument. 

I n  view of r e c e n t  d a t a  (Sloan, 1955; Burch, 1956, 1957; Howard, 

1959) concern ing  t h e  r a d i a t i v e  and t r a n s m i s s i v e  c h a r a c t e r i s t i c 8  of t h e  

e a r t h ' s  atmosphere, w e  f i n d  the  Pe t t i t -N icho l son  conc lus ion  t o  be  

e r roneous .  These r e c e n t  d a t a ,  ob ta ined  wi th  v a s t l y  improved, r e f i n e d  

in s t rumen t s  compared t o  those  a v a i l a b l e  i n  1930, show t h e r e  is  s u f -  

f i c i e n t  ozone i n  t he  atmosphere t o  absorb  25 pe r  c e n t  of t h e  r a d i a n t  

energy i n  t h e  8-1@ r e g i o n  and 16 p e r  c e n t  i n  t h e  8-14p r eg ion .  Because 

ozone e x i s t e d  i n  t h e  atmosphere i n  1930, a l though i t  had n o t  been de f ined  

P e t t i t  and Nicholson should  have found 

= -  (0 .38)  = 0.34, 
0 .84  

H 
ob s ( 4 )  

if the  ayerage exissivitji  wes i . i i i i ty 8s they conclLided, instead of G.37. 

The emiss ion  spectrum of a 400'K b lack  body r ece ived  through ozone i n  

t h e  c o n c e n t r a t i o n  p r e s e n t  i n  t h e  atmosphere is shown i n  Fig. A . l .  A l s o  
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shown i n  t h i s  f i g u r e  is  t h e  400'K emission spectrum of t e k t i t e  (a much 

more l i k e l y  g e o l o g i c a l  assemblage t o  be found on t h e  s u r f a c e  of the 

moon than  q u a r t z ) .  

l a c k  of s e n s i t i v i t y  t o  r ad iomet r i c  measurements i n  the  v i c i n i t y  of 

This f i g u r e  d r a m a t i c a l l y  shows the  ozone causes  a 

8-lop. 

I n  o r d e r  t o  r e c o n c i l e  the un i ty  e m i s s i v i t y  conc lus ion  w i t h  the 

va ry ing  e m i s s i v i t y  i n  t h e  8-lop reg ion  observed f o r  s i l i c a  and s i l i -  

c a t e s  (Wood), P e t t i t  and Nicholson f u r t h e r  concluded t h e  l u n a r  c r u s t  

was f i n e l y  d iv ided ,  l i k e  sand, or porous, l i k e  pumice, and i t s  

r a d i a t i n g  p r o p e r t i e s  would be n e a r l y  those  of a "black body.' ' 

second conclus ion  was suppor ted  by t h e  c o e f f i c i e n t  of thermal con- 

d u c t i v i t y  of t he  moon c a l c u l a t e d  from measurements made d u r i n g  t h e  

t o t a l  l u n a r  e c l i p s e  of June  14, 1927. 

T h i s  

Recent emiss ion  measurements by  B e l l  and co-workers (1956, 1957) 

have i n d i c a t e d  t h a t  f i n e l y  d iv ided  gypsum sand a t  White Sands, N e w  

Mexico, and q u a r t z  sand a t  Cocoa Beach, F l o r i d a ,  g i v e  s i g n i f i c a n t  

d e v i a t i o n s  from a blackbody Planck-Wien r a d i a t i o n  curve.  Two s i g n i f i -  

c a n t  f a c t s  can be seen from B e l l ' s  da t a  shown i n  F ig .  A . 2 .  F i r s t l y ,  

t h e  magnitude of the  q u a r t z  r e s t s t r a h l e n  a t  9 . 0 8 ~  is  much sma l l e r  than  

t h a t  found a t  h i g h e r  tempera ture  (McMahon, 1950) or by r e f l e c t a n c e  

t echn iques  (Lyon and Burns, 1962).  This  i s  due t o  two f a c t o r s :  1 )  t h e  

tempera ture  of measurement is very nea r  t o  t h a t  of t h e  d e t e c t o r  

tempera ture ;  hence emiss ion  from the  o p t i c s ,  chopper b l ades ,  e tc . ,  g i v e s  

a h igh  background and any s t r a y  energy w i l l  cause  a minimization i n  

r e l a t i v e  i n t e n s i t i e s ;  and 2 )  t h e  o p t i c a l  r e s o l u t i o n  a f fo rded  by the 

B e l l  equipment i s  such  t h a t  f i n e  s t r u c t u r e  (Lyon and Burns, 1962) w i l l  

be  i n t e g r a t e d  i n t o  t h e  o v e r - a l l  emission curve .  Secondly, q u a l i t a t i v e  

i d e n t i f i c a t i o n  by remote i n f r a r e d  emission s p e c t r a l  measurements i s  

a v a i l a b l e .  I n  s p i t e  of t h e  exper imenta l  d i f f i c u l t i e s  i n  t h i s  measure- 

ment, q u a r t z  and gypsum a r e  c l e a r l y  d i s t i n g u i s h a b l e  from each o t h e r  by 

the  0.491.1 wave l e n g t h  s h i f t  of emission minimum. 

A s  a r e s u l t  of t h e  l a c k  of s e n s i t i v i t y  of measurement i n  the  8-1Op 

r e g i o n s ,  t o g e t h e r  w i t h  t h e  f a i l u r e  t o  observe  a r a t i o  cor responding  t o  

r e c e n t l y  e s t a b l i s h e d  t r a n s m i s s i v e  c h a r a c t e r i s t i c  of the  e a r t h ' s  atmos- 
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phere, the a r b i t r a r y  cho ice  of the 400'K as t h e  tempera ture  of t he  

s u b s o l a r  po in t ,  and t h e  f a l l a c y  of sand-size p a r t i c l e  behaving as a 

"b lack  body," w e  must view wi th  skep t i c i sm the  Pe t t i t -N icho l son  con- 

c l u s i o n  t h a t  t h e  e m i s s i v i t y  of the moon i s  u n i t y .  

Because of t h e  e a r t h ' s  ozone c o n c e n t r a t i o n  i n  t h e  atmosphere, 

meaningful s p e c t r a l  emiss ion  curves  can no t  be made t e r r e s t r i a l ly  as 

has  been demonstrated by Adel (1946). Therefore ,  t empera ture  

measurements and composi t iona l  assignments of t he  l u n a r  c r u s t  can  on ly  

be made above t h e  ea r th ' s  atmosphere --- from h i g h - a l t i t u d e  b a l l o o n  

measurements or from a t t i t u d e - c o n t r o l l e d  o r b i t i n g  s p a c e c r a f t .  

To a i d  i n  i n t e r p r e t a t i o n  of r e s u l t s  t o  be ob ta ined  from measure- 

ments above the ea r th ' s  atmosphere, w e  have i n v e s t i g a t e d  t h e  e f fec t  

of  composition of s e v e r a l  materials suspec ted  t o  e x i s t  i n  t h e  l u n a r  

c r u s t  on the  e m i s s i v i t y  v s .  wave l eng th  curve,  and have c a l c u l a t e d  

the  r ad iance ,  R ( ~ , T )  a t  s e v e r a l  t empera tures .  For t h e s e  c a l c u l a t i o n s :  

The c ( h )  curve  w a s  ob ta ined  i n d i r e c t l y  w i t h  the  a i d  of K i r c h h o f f ' s  l a w  

(Eq. 6): 

p ( A )  + a ( h )  + t ( h )  + s ( h )  = 1 (6) 

With p o l i s h e d  [ s ( h )  = 01, opaque [ t ( A )  = 03 s u r f a c e s ,  Eq. ( 6 )  i s  s impl i -  

f i e d  t o  Eq. ( 7 )  

a@) = 1 - p ( A )  = e ( h )  (7 ) 

which i n d i c a t e s  that 1, less t h e  r e f l e c t i v i t y ,  i s  equa l  t o  the a b s o r p t i v i t y  

which, a t  thermal equ i l ib r ium,  i s  equal t o  the e m i s s i v i t y .  This s imple  

method pe rmi t s  c a l c u l a t i o n  of c ( h )  without  t he  noisome temperature- 

dependent abso lu t e - r ad iomet r i c  measurements which a r e  sub jec  t o  many ex- 

pe r imen ta l  d i f f i c u l t i e s .  The v a l i d i t y  of a p p l i c a t i o n  of K i r c h h o f f ' s  l a w  

t o  s i l i c a - b e a r i n g  g l a s s e s  has been e s t a b l i s h e d  by McMahon (1950) and 

Gardon (1956 ) . 
The r e f l e c t a n c e  s p e c t r a  of t y p i c a l  v o l c a n i c  rock and l u n a r  materials 

( m e t e o r i t e s  and t ek t i t e s )  are shown i n  F igs .  A.3 and A.4. 

a se r i a l  s h i f t  of 160 c m  

I n  Fig.  A . 3  
-1 

(0.85 micron) i s  seen  f o r  t h e  s p e c t r a l  peaks 
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-1 
around 920-1080 c m  as one passes  from a c i d  rocks (obs id i an ,  r h y o l i t e ,  

g r a n i t e ,  t e k t i t e )  through t h o s e  of i n t e rmed ia t e  composition ( a n d e s i t e  

and d i a b a s e )  t o  t h e  b a s i c  and u l t r a - b a s i c  materials ( o l i v i n e - b e a r i n g  

d u n i t e  and c h o n d r i t i c  m e t e o r i t e s .  Most impor tan t ly ,  t h e  s p e c t r a l  peaks 

are dependent on bu lk  composition and do no t  move i n  wave l e n g t h  w i t h  

i n c r e a s i n g  g r a i n  s i z e .  Thus, whether a g iven  chemical composition of 

rock is i n  t h e  phys ica l  form of g l a s s ,  f e l s i t e ,  f i ne -g ra ined  v o l c a n i c  

flow, medium-grain or coarse-gra ined  p l u t o n i c  rock, i t s  s p e c t r a l  re- 

f l e c t a n c e  maximum w i l l  remain f i x e d  i n  wave l eng th .  

Comparison of R ( ~ , T )  cu rves  of f o u r  t y p i c a l  proposed l u n a r  

materials - g r a n i t e ,  obs id i an ,  dun i t e  and c h o n d r i t i c  m e t e o r i t e  a t  350'K 

are shown i n  F ig ,  A.5. These curves  g r a p h i c a l l y  i l l u s t r a t e  t h e  e f f e c t  

of composi t iona l  changes on the  s p e c t r a l  emi t t ance  curve .  A v a r i a t i o n  

i n  the  average  e m i s s i v i t y  of approximately 10 pe r  c e n t  e x i s t s  between 

g r a n i t e  and d u n i t e .  C a l c u l a t i o n  of t h e  tempera ture  of t h e  moon u s i n g  

S t e f a n ' s  l a w  

i n t r o d u c e s  c o n s i d e r a b l e  e r r o r  when 8 i s  assumed t o  be u n i t y :  a 

dT dR 
T - 4R 
- - - - -  

4ea 
( 9 )  

For example, when ea = .82 i n s t e a d  of 1.0,  dT/T = - 0.045,  o r  a r e p o r t e d  

tempera ture  of 350'K i s  low by 16'K. The v a r i a t i o n  i n  e of 10 p e r  cen t  

between composition can  superimpose a 2 . 5  p e r  c e n t  v a r i a t i o n  i n  tempera- 

t u r e  (approximately - 9'K when T = 350'K) by  composi t iona l  changes above. 

I t  fo l lows  t h a t  the  l u n a r  temperature changes r e p o r t e d  b y  S h o r t h i l l  and 

S a a r i  (1961)  could  i n s t e a d  be caused e n t i r e l y ,  or i n  p a r t ,  by compo- 

s it i o n a  1 changes. 

a 

Upon examinat ion  of a s i n g l e  ma te r i a l ,  assumption t h a t  c is  

independent of tempera ture  i s  erroneous; because of the  dependence of 

'a 
t u r e  v a r i a n c e  of t he  emi t t ance  curves for d u n i t e  are shown i n  Fig.  A.6.  

T h i s  f i g u r e  c l e a r l y  shows t h a t  commensurate changes i n  e f o r  d u n i t e  

a 

is aiso a f U i i C t i W i i  uf L ....__ -_._ I 
~aiiipol-a LUI-e. The terilpei-a- 

ea 
on wave i eng th ,  

a 
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e x i s t  as a f u n c t i o n  of temperature .  C a l c u l a t i o n s  s imilar  t o  those  

r equ i r ed  t o  make Fig.  A . 6  were c a r r i e d  out  f o r  f o u r  o t h e r  materials 

suspec ted  t o  be i n  t h e  l u n a r  c r u s t ;  t h e  r e s u l t a n t  e f o r  each  tempera- 

t u r e  w a s  c a l c u l a t e d  and t h e  temperature  dependence of E f o r  t h e s e  

materials are shown i n  Fig.  A . 7 .  

t h i s  tempera ture  dependence is nea r ly  l i n e a r ,  

a 

a 
I n  t h e  tempera ture  range,  325-450°K, 

+ B ( T  - 350) = E o  + BT 350 e = ea  a a 

3 50 
a Ca lcu la t ed  va lues  f o r  8 

e x i s t  i n  t h e  l u n a r  c r u s t  are l i s t e d  i n  Table  1. Combining Eqs. (8)  and 

( l o ) ,  t a k i n g  d i f f e r e n t i a l s ,  and s impl i fy ing ,  

, eoa ,  and B f o r  f i v e  materials suspec ted  t o  

Therefore ,  t h e  r a t i o  of t h e  tempera ture  change found, assuming tempera- 

t u r e  dependence of c t o  t h a t  assuming t empera tu re  a 

o r  for  d u n i t e  a t  3 5 0 ° K ,  (dT)/(dT)c = 0.951. From 

s e e n  t h a t  t h e  dependence of e on t empera tu re  is a 
a 

independence, i s  

t h i s  d i s c u s s i o n  i t  is 

second-order e f f e c t  

( 4 . s  l o w ) ;  hence tempera ture  changes of  t h e  same material  by rad io-  

metric methods i s  v a l i d .  

Recent s t u d i e s  (Burns and Lyon, 1963) i n d i c a t e  v a l u e s  of €(A) 
o b t a i n e d  f r o m  Eq. 7 are no t  v a l i d  when t h e  material  under  q u e s t i o n  is  

i n  powdered form and cor responding  i n t e g r a t e d  t o t a l  r e f l e c t i o n  or 

emiss ion  measurements are  made. I n  gene ra l ,  t h e  same shape o f  cu rve  i s  

ob ta ined ,  b u t  t h e  ampl i tude  of t h e  d e v i a t i o n s  from b l a c k  body behav io r  

is  reduced. Th i s  obse rva t ion  i s  valid f o r  p a r t i c i e  s i z e s  as  i o w  as 

loop, and i n  some i n s t a n c e s  a s  low as lop .  Because t h e  € ( A )  c u r v e s  are  

dependent on p a r t i c l e  s i z e ,  t h e  work p resen ted  h e r e  g i v e s  on ly  t h e  maxi- 
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m u m  d e v i a t i o n s  from b lack  body behavior t h a t  one cou ld  expec t  t o  observe.  

Because the  e x a c t  s u r f a c e  aggrega t ion  state of t h e  l u n a r  s u r f a c e  is not 

known a l though it is suspec ted  t o  be powdered w i t h  good reason  (Hapke, 

1963), c a u t i o n  must be a p p l i e d  when us ing  t h e  data of Table I. 

l a r l y ,  c a u t i o n  must be e x e r c i s e d  when u s i n g  c 

de te rmina t ions  from t o t a l  radiometry and i n  p a r t i c u l a r  w i t h  rad iometry  

through an  8-14p f i l t e r .  

Simi- 

= 1.00 i n  tempera ture  a 

Ma t e r  i a 1 

Dunite 

Meteo r i t e  Chondr i te  

Obsidian 

G r a n i t e  

Te k t  i t  e 

Table I .  Temperature C h a r a c t e r i s t i c s  of t h e  
Average E m i s s i v i t y  i n  the Range 325-450'K 

4 p x 10 0 
E 

350 
'a a 

0.785 0.624 4.60 

0.821 0.707 3.26 

0.836 0.744 2.50 

0.864 0.804 1.71 

0.861 * * 

* 
Linea r  r e l a t i o n s h i p  of Eq. (10) not  a p p l i c a b l e .  
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GLOSSARY OF TERMS 

= a b s o r p t i v i t y  as a func t ion  of wave l e n g t h  

= change i n  temperature a t  c o n s t a n t  average  e m i s s i v i t y  

= e m i s s i v i t y  as a f u n c t i o n  of  wave l e n g t h  
a 

( A )  

s : 5 ~ ( I )  W(h,T)dh 

s:5W(h, T)dh 

e = average  e m i s s i v i t y ,  de f ined  as a 

. .  
e A1-A2 
a 

'a 
T 

0 
c a 

I 
h m 

P (1) 
n 

1 to A2 = average  e m i s s i v i t y  f o r  the  wave l e n g t h  range h 

= average  e m i s s i v i t y  a t  temperature T 

= average  e m i s s i v i t y  e x t r a p o l a t e d  t o  0 K from 325-450 K d a t a  0 0 

= wave l e n g t h  

= wave l e n g t h  of m a x i m u m  energy i n  emis s ion  cu rve  

= r e f l e c t i v i t y  as a func t ion  of wave l e n g t h  

= r a d i a n t  energy 

= S t e f a n ' s  c o n s t a n t  

= f r a c t i o n  of s c a t t e r e d  l i g h t  as a f u n c t i o n  of wave l e n g t h  

= t r a n s m i t t a n c e  as a f u n c t i o n  of wave l e n g t h  

= a b s o l u t e  tempera ture  

= energy  of a b l a c k  body as a f u n c t i o n  of wave l e n g t h  and 
tempera ture  as de f ined  by t h e  Planck-Wien r a d i a t i o n  l a w  

A - 1 1  
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FIGURES 

Fig .  1 Emission Curves of a )  4 0 0 O ~  Black  Body 
Seen Through Atmospheric Ozone, c )  400 K T e k t i t e  

by B e l l ,  e t  a 1  

M e t e o r i t e s  

b )  400°K Black Body 

Fig.  2 Typica l  Emission Curves f o r  Gypsum and S i l i c a  Sand Observed 

Fig.  3 I n f r a r e d  Ref l ec t ance  Spec t ra  of T e k t i t e s  and Chondr i t i c  

b 

Fig .  4 I n f r a r e d  Ref l ec t ance  Spec t ra  of Meteorites Compared wi th  
S t i l l w a t e r  Gabbro 

Body Emission Curves a t  350°K 

Length and Temperature 

0 Fig .  5 350 K Black Body Emission Curves Compared wi th  Four Gray 

F ig .  6 Emittance of Dunite and a Black Body a s  a Funct ion  of Wave 

Fig.  7 Calcu la t ed  Average Emiss iv i ty  a s  a Funct ion  of Temperature 
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FIG. 3 INFRARED REFLECTANCE SPECTRA OF TEKTITES AND CHONDRITIC METEORITES 
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FIG. 4 INFRARED REFLECTANCE SPECTRA OF METEORITES COMPARED WITH 
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FIG. 6 EMITTANCE OF DUNITE AND A BLACK BODY AS A FUNCTION OF 
WAVE LENGTH AND TEMPERATURE 
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FIG. 7 CALCULATED AVERAGE EMISSIVITY AS A FUNCTION OF TEMPERATURE 


